Pentoxyverine(carbetapentane), 1-phenylcycolpentane carboxylic acid-2-(2-diethylaminoethoxy)ethyl ester, is a cough suppressant with selective action on the cough center. As a non-narcotic antitussive compound, it seems to be more effective than codeine.
Introduction
Pentoxyverine(carbetapentane), 1-phenylcycolpentane carboxylic acid-2-(2-diethylaminoethoxy)ethyl ester, is a cough suppressant with selective action on the cough center. As a non-narcotic antitussive compound, it seems to be more effective than codeine.
The analytical methods for pentoxyverine are very limited in number. Non-aqueous titration was still adopted by Chinese pharmacopoeia. 1 Improved titrations had been reported many times. [2] [3] [4] Spectrometric methods were also often used for the determination of pentoxyverine. 5, 6 All these methods were both time-consuming and tedious; furthermore, they almost entirely focused on assaying the tablet formulation. Thus, membrane electrodes for pentoxyverine were developed.
At first, pentoxyverine-tungsphosphate was adopted as an activant in constructing an all-solid-state pentoxyverine ion-selective electrode (ISE). 7 Then, a ring-coated piezoelectric quartz crystal was applied to the determination of pentoxyverine with a neutralization-extraction method. 8 Recently, picrate, picrolonate and tetraphenylborate counter ion were used for fabricating pentoxyverine ISE. 9 The potentiometric ISE method is easily affected by the high background conductivity of the solution and the high impedance and the low capacity of the electrode. Although these membrane electrodes have proved to be simple and rapid, their sensitivities are still relatively low for low levels analytes in some pharmaceutical preparations. In our work, we have tried to find new kinds of sensors which can overcome these limitations and give a lower detection limit and reasonable selectivity. The sensors were also expected to be applied to wider pharmaceutical analysis and clinical analysis areas.
During recent years, piezoelectric quartz crystal (PQC) sensors have found increasing applications in analytical chemistry because of their high sensitivity. To construct a successful PQC sensor, many sensing materials have been investigated, such as Au electrode, 10 metal oxide, 11 polymer, 12 biomolecular, 13,14 calixarene 15 and molecular imprinting polymer (MIP). 16, 17 Ion-pair complexes have been successfully used to construct ISEs. The selective adsorption of analytes on ion-pair complexes has been widely applied in many fields, including analytical chemistry. For pharmaceutical analysis, the best electrodes are based on ion-pair complexes. 18 PQC sensors based on ion-pair complexes 19 and insoluble salts 20 were also developed, but only applied to the determination of simple inorganic ions.
To assure good selectivity for the proposed PQC sensors, a number of counter anions were investigated in the present study, from which three counter ions were selected to synthesize the activants. The obtained ion-pair complexes were embedded in PVC matrix. The proposed sensors exhibited reasonable selectivity and higher sensitivity than those potentiometric sensors. The sensors were also successfully applied to the determination of pentoxyverine in tablet formation and in serum, and the results were satisfactory.
Experimental

Reagents
All of the reagents used were of analytical reagent grade or chemical-pure grade, unless otherwise stated, and doubledistilled water was used throughout.
The drug samples had a purity of not less than 99%. Pentoxyverine and chloperastine were obtained from Xi'an Medicine Factory (China), nicotinamide, from Shanghai Medicine Factory No. 1, berberine hydrochloride, from the Medicine Factory of the Second Military Medicine University. Tabellae pentoxyverini citras was produced by the Yanggao Medicine Factory of the Datong City (Shanxi, China).
Apparatus
A schematic diagram of the proposed sensing device is shown in Fig. 1 . A universal frequency counter (Model SS7200, Shijiazhuang Electronic Factory No. 4, China) was used to record the frequency changes of the PQC sensor. The piezoelectric quartz crystal (JA-5, Peking Factory No. 707) used was a 9 MHz AT-cut crystal (12.5 mm diameter) with silver electrodes (6 mm diameter) on both sides. The sensor was directly connected to a home-made oscillating circuit. 
Ion-pair complexes and their solubility
The ion-pair complexes were synthesized according to citations. 7, 9 The measurement procedure of their solubility was as follows. An appropriate amount of the obtained complex was added to a background solution containing 0.1 M sodium chloride under stirring for about 15 min; the solution was left standing for 1 h. A modified sensor was used to determine the concentration of pentoxyverine with the standard curve method. The calibration graph was linear over concentrations between 1.0 × 10 -7 -5.0 × 10 -5 M with a detection limit of 8 × 10 -7 M. The assessed results were: <1 × 10 -7 M, (5.08 ± 0.23) × 10 -7 M and (1.05 ± 0.07) × 10 -6 M for pentoxyverine-phosphotungstate, pentoxyverine-tetraphenylborate and pentoxyverine-picrolonate.
Surface modification of PQC sensor
The surface modification procedure of the proposed sensor was as follows: 10 mg of ion pair complex, 30 mg of polyvinyl chloride (PVC) powder and 50 µl of dibutyl phathalate were mixed completely and dissolved in 10 ml tetrahydrofuran (THF). Then, a 3-µl volume of this solution was spread on the crystal surface while it rotated at a certain rate. After THF evaporated at room temperature, another 3 µl of the membrane solution was coated under the same condition. The frequency shift from the coating indicated the amount of the coating on the sensor surface. A reference sensor was fabricated with a complexes-free membrane solution by the same method. All of the coated sensors should be kept in a desiccator when not in use.
Procedure
All testings were carried out in a background solution. The background solution was prepared by adding a certain amount of sodium chloride into an NaAc-HAc (Ac = CH3COO) buffer solution (pH 5.4) and in which the final concentration of sodium chloride was 0.1 M. The modified sensor had to be immersed in a background solution containing 1 × 10 -5 M pentoxyverine for 3 h before use, and then washed with double-distilled water until the frequency became stable. To eliminate various effects from the modified membrane and the experimental environment, the same modified sensor was used to complete a series of measurements under strictly controlled experiment conditions.
Before the experiment, the sensor was immersed in the background solution for about 30 min to allow the oscillator to stabilize; and then a steady resonant frequency (f0) was recorded. After a series of standard solutions were injected in steps with a microsyringe at constant time intervals, the stable resonant frequency (fi) corresponding to a certain concentration of carbetaptane was recorded and the respective frequency shift was calculated according to:
After completing a series of detections, the sensors could be recovered by a series of sequential washes with dilute hydrochloride acid and double-distilled water.
Results and Discussion
Sensor performance For PQC sensors, signal generation in the gas phase is generally straightforward and often described by the Sauerbrey equation. However, when the sensors are immersed in a solution, a number of additional factors influence the frequency signal. The frequency of the PQC in solution depends not only on the mass change on the crystal surface, but also on the conductivity, permittivity, density, viscosity and temperature of the solution. In this work, the temperature was set at 25.0 ± 0.1˚C, and the property of the solution was controlled with the background solution. Thus, the frequency shift is proportional to the mass change on the sensor surface. Figure 2 frequency shift of the PQC sensors decreased rapidly until a saturation point. Studies showed that the following relationship exists between log(-∆fi) and log Ci:
where a and b are constants, and ∆fi is the frequency shift corresponding to a certain sample concentration (Ci). The regression equations are as follows:
For sensor 1 log(-∆fi) = 0.42log Ci + 4.14 (r = 0.985) (3);
for sensor 2 log(-∆fi) = 0.34log Ci + 3.45 (r = 0.998) (4);
for sensor 3 log(-∆fi) = 0.36log Ci + 3.38 (r = 0.982) (5).
pH effect
The effect of pH on the sensor response was studied in a 0.1 M sodium chloride solution in which the pH value was varied by the addition of hydrochloride acid and sodium hydroxide solution. As can be seen from Fig. 3 , at pH values of between 3 and 7.5 no significant effect on the response of sensor 1 was observed. Above pH 8, the formation and appreciation of freestate pentoxyverine caused the frequency shift to obviously decrease. Also, at pH values below 3, the frequency shift increased slightly. The same experiments were carried out with sensors 2 and 3, and the similar results were observed.
Comparison of various sensors
Selective adsorption/desorption of the component ion of an ion-pair complex at a solid/solution interface depends on many factors, such as the electrostatic force, affinity between groups, molecular structure, steric effect and solvent effect. Therefore, there should be some difference in the response characteristics of various sensors. Table 2 gives the general performance characteristics of the proposed sensors. Sensor 1 gives the highest sensitivity, but the lowest upper detection limit. In general, for the proposed sensors, the smaller is the solubility of the ion-pair complex, the higher is the sensitivity, which can be seen from Table 1 and experimental section (ion-pair complex and their solubility). The saturation of the binding sites in sensor coatings with limited binding capacity may be responsible for the upper limit in the frequency shift. Table 2 indicates that the three sensors are reasonably selective for pentoxyverine, and that the differences in the selectivity provide each sensor with a specific application, respectively. The lifetime of sensor 1 is about 4 weeks of continuous use at room temperature, whereas the others have displayed a slightly shorter life span. Over the life-time period of these sensors, no noticeable deterioration of their performance was observed.
Effects of modifications
To find the best sensitivity, the weight ratio of the membrane materials was investigated and optimized. When the weight percentage of ion-pair complexes vs. PVC powder was about 0.3, the modified sensor exhibited the highest sensitivity for pentoxyverine. Considering the other factors, such as the thickness of coating, addition of a plasticizer, the optimum weight ratio was 3:10 for an ion-pair complex vs. PVC.
The thickness of the film has a great effect on the sensor response. An overly thin film causes a lower sensitivity and a narrower response range, while an overly thick film leads to a long-term shift in the frequency, and even non-oscillation of the sensor. In this work, about an 8000 Hz frequency shift resulting from the coating was adopted.
Stability and reproducibility
Before each experiment, about 30 min was sufficient for a sensor to stabilize. The frequency changes had been monitored continuously for 2 h; the results are shown in Fig. 4 . The frequency change at around 10 min was small and could be neglected. During the tests, the stable and reliable frequency was recorded only when the frequency shift was less than 1 Hz during a 1-min period.
To investigate the reproducibility of the proposed sensors, the baseline frequency was investigated. Figure 5 shows that the wash cycles reproducibly returned to the frequency within 62 Hz of the previous baseline. The slight increase in the baseline might be due to the small loss of coating. It was also verified that removal of the adsorbed analyte was highly effective using a series of sequential washes with dilute hydrochloride and double-distilled water.
Selectivity
Substances that constitute a serious interference in various analytical methods and that are encountered frequently were investigated in this work. At first, we define the selectivity coefficient,
where ∆fi is the frequency shift response to 1 × 10 -5 M of the interfering salt, and ∆fj is the frequency shift to 1 × 10 -5 M of pentoxyverine ion. Table 2 shows that there are no significant interferences from most of these substances. The results obtained with some drug samples indicate that if the interference concentration is less than 1/5 that of pentoxyverine, the interference is negligible. We were glad to find out that the 1391 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 most serious interference came from diphenhydramine, instead of chloperastine, because the former does not coexist with pentoxyverine in the formula, but the latter does. Chloperastine constituted the most serious interference in the potentiometric ISE method. 7 
Application
Because the proposed sensors were more sensitive and reasonably selective than ISEs, they might obtain wider applications in pharmaceutical analysis and other areas. In this study, they were applied to the determination of pentoxyverine in tabellae pentoxyverini citras and pentoxyverine in serum.
Pentoxyverine is the pharmacological active constituent of tabellae pentoxyverini citras, and starch is an assistant. The analyte solution was obtained by grinding tablets, dissolving a certain amount of fine powder in 10 ml of acetic acid and then diluting to 50 ml.
PQC drug sensor modified with pentoxyverine-tetraphenylborate was used to detect the content of pentoxyverine with the standard curve method. The results are given in Table 3 , in which Sol. I is unfiltered, and Sol. II filtered. The results from the proposed method are very satisfactory. It can also be seen from Table 3 that there is no significant difference between the results from the assay of Sol. I and those of Sol. II.
Whole blood was obtained from the Hospital of Hunan University. The obtained serum was diluted 5 times with 0.1 M sodium chloride. A series of samples was obtained by adding a certain volume of 0.01 M pentoxyverine standard solution into the diluted serum. The proposed sensor modified with pentoxyverine-phosphotungstate was used to carry out a recovery experiment of pentoxyverine in serum with the standard addition method. As can be seen from Table 4 , although protein in serum may cause some interference, the results can still be accepted.
Conclusion
The proposed non-potentiometric drug sensors were successfully used for the direct determination of pharmaceutical preparations and without any prior separation of the analyte in solution. The proposed method is simple, rapid, selective and sensitive for the determination of pentoxyverine, which makes it valuable in the routine analysis of a drug in the presence of various excipients, sugar bases and other combinations encountered in its available formulations. 
